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THE  USE  OF  STATISTICAL  METHODS  IN  THE  DETERMINATION 
OF  THE  PARAMETERS  OF  LINEAR  MICROWAVE  JUNCTIONS 


1.0  GENERAL  ELECTRICAL  NETWORKS 


1.1  Introduction 


A  linear  network  transforms  quantities  such  as  impedance*  admittance* 
and  reflection  coefficient  by  a  linear  fractional  transformation.  A 
commonly  occurring  problem  is  the  determination  of  the  parameters  of  this 
transformation  from  measurements  on  the  network.  A  number  of  methods  of 
determining  the  parameters  have  been  discussed  in  the  literature.  [Beatty* 
Hacphereson*  1933;  Deschamps*  1933;  Felson*  Oliver*  1934;  Mittra,  King 
1962  ]  •  Most  of  these  methods  are  graj^ical  and  have  limitations  on  the 
accuracy  obtainable  with  them.  The  method  described  below  makes  use  of 
statistical  techniques  to  give  values  for  the  parameters  which  are  the 
best*  in  the  least  squares  sense*  obtainable  from  the  measured  data.  The 
use  of  a  greater  amount  of  measured  data  will  reduce  the  probable  error 
in  the  results.  This  is  in  contract  to  most  other  methods  in  which 
greater  accuracy  can  be  obtained  only  by  Increasing  the  precision  of  the 
individual  measurements.  A  particular  application  of  this  technique  to 
microwave  Junctions  is  discussed  in  Section  2. 


1.2  Theory 


Let  the  quantity  X  be  transformed  into  the  qjuantity  Y  by  a  netwoz4c 
which  may  be  described  by  the  parameters  A*  B*  and  C.  The  transformation 
may  be  written 


A  +  BX 

^  •  -cvr  • 


(1.1) 


The  problem  is  to  determine  the  parameters  A,  B*  and  C  ftram  measured  values 
of  X  and  Y.  The  reason  for  the  negative  sign  on  the  C  will  become  apparent 
later.  Let  measured  values  of  X  be  denoted  ^  X^*  J  >1,  2,  ...*  and  let 
the  corresponding  measured  values  of  Y  be  Y^*  j  «  1*  2*  ...  .  If  three 
measured  sets  of  corresponding  values  of  X  and  Y  are  known,  they  can  be 
inserted  into  equation  (1.1)  to  give  3  linear  equations  which  may  then  be 
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solved  for  A,  B,  and  C.  To  use  a  greater  number  of  measurements  and 
thereby  obtain  greater  reliability  of  the  result,  the  method  of  multiple 
linear  regression  [Hoel,  195^1  ®®y  ^  used.  Equation  (1.1)  may  be 
written 

A  +  BX  +  CY  =  XY.  (1.2) 

Let  the  measiired  data  consist  of  the  n  sets  of  values,  X^^,  Y^,  and 
where  i  =  i,  2,  3,  . . . ,  n.  n  must  be  equal  to  or  greater  than  3  for  a 
unique  solution  for  A,  B,  and  C  to  exist.  The  normal  equations  [Hoel, 
195^1  corresponding  to  equation  (1.2)  may  be  written: 

j=l  3=1  3=1 


X3*b  =  o 


Z  ’3*1 


«3’  ’'3' 


(1.3) 


j=l 

j-1 

n 

n 

n 

A  y  Y .  +  B 

ZV3 

*  =  Z  ‘’'3> 

•  Z  ''3"3> 

3-1 

j»l 

These  equations  can  be  solved  for  the  3  unknowns,  A,  B,  and  C.  The  use 
of  the  negative  sign  in  equation  (1.1)  makes  the  coefficient  matrix  in 
(1.3)  symmetric;  this  sometimes  simplifies  the  solution  of  the  equations. 
This  method  of  determining  A,  B,  and  C  is  the  best  in  the  sense  of  mini¬ 
mizing  the  sum  of  the  squares  of  the  differences  between  the  measured 
values  of  XY  and  the  values  of  XY  as  found  from  equation  (1.2)  in  terms 
of  the  corresponding  measured  values  of  X  and  Y,  or  in  symbols,  the 
minimizing  of  the  quantity 


Z  ‘V3  -  *  -  “<3  -  '”'3’"  • 


A  modification  of  the  above  procedure  sooetimes  shortens  the  cal¬ 
culations.  Make  the  following  changes  of  variables  in  equation  (1.2); 
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where 


Then  equation  (1. 


whex^ 


The  quantities 


X  »  X  -  X  , 
y  »  Y  -  Y  , 
xy  «  XY  -  (3cy)  , 

(1.4) 

-  1  “ 

"  =  s  E  ’ 

-  1  " 

E  • 

d=i 

(1.5) 

•  5  E  Yd  • 

d=i 

becomes 

a  +  Bx  +  Cy  »  xy  ,  (1.6) 


a  =  A  +  BX  +  CY  -  (XY). 
y^y  and  (xy)^  will  be  defined  as  follows: 

Xj  =  Xj  -  X  y 

(xy)^  »  X^Yj  -  (XY)  . 


(1.7) 


(1.8) 


Now  the  normal  equations  corresponding  to  equation  (1.6)  are 


n 

n 

an  4 

®  E*3*“ 

E='3  ■ 

J=1 

3-1 

n 

“  ? 

n 

“  E’‘3 

=  Ev, 

3=1 

d-1 

3=1 

n 

n 

n 

*  ®  E  V3 

j=l 

3=1 

3=1 

n 


(1.9) 


It  Is  apparent  from  equations  (1.4)  and  (1.3)  that 

j=l  j=l  j=l 

Therefore  the  first  of  equations  (1.9)  reduces  to 

a  *  0  .  (1.11) 

The  second  and  third  of  equations  (1.9)  nay  now  be  solved  for  B  and  C. 


n  2  ” 


B 


E‘“^’3  ='3  E''3  •  EV3  E‘=^’j 

J=1 _ .i^rl  J«1  j«l _ 


E''!  E='3-  {E*3='3] 

|«1  j=l  ^j»l  ■' 


n  2  ^ 


n 


E*3  E<’^>3='3-  EV3  E‘*=''3*3 
0  .  J-1  J-1 _ J-1 


(1.12) 
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Flnally  A  may  be  obtained  from  equations  (1.7)  and  (1.11). 

A  »  XY  -  BX  -  CY  .  (1.13) 

In  general  the  variables  X  and  Y  as  well  as  the  parameters  A,  B*  and 
C  In  equation  (1.1)  will  be  complex.  It  Is  usually  more  convenient  to 
work  In  terms  of  the  real  and  Imaginary  parts  of  complex  quantities.  Let 
the  real  part  of  a  quantity,  say  x,  be  denoted  by  a  single  prime  and  the 
Imaginary  part  by  a  double  prime;  thus  x  a  x'  -f  lx"  where  1  a  V  -  1  . 
Using  this  notation,  definitions  (1.4)  and  (1.3)  become 

X»  a  X*  -  X*  ,  X"  a  X"  -  X"  , 

y»  a  Y'  -  y*  ,  y"  a  Y"  -  Y»  ,  (1.14) 

(xy)»  a  X'Y*  -  X"Y"  -  (XY)»  ,  (xy)"  a  X*Y"  +  X"y'  -  (3ff)" 


where 


j.l 


3d. 


d-1 


n 


(1.15) 


(XY)' 

■K  i 

X'Y'  -  - 

b'i 

’'3- 

(XY)" 

1 

m  • 

n 

i  *3*3  • 

1 

n 

3J 

L 

j-i 

3-1 

Equations 

(1.8)  become 

•*3- 

X'  , 

x" 

■  *3 

-  X"  . 

^3 

■"3- 

Y*  , 

-"J 

-  Y"  , 

(1.16) 

(XT) -3 

■*3’'3 

■  ^3  * 

•  (XY) 

'  . 

(xy)";j 

*3 

-  (XY)"  . 
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The  definitions  given  in  (1.14),  (1.13),  and  (l.l6)  may  now  be  sub¬ 
stituted  into  (1.12)  and  (1.13)  to  give  complex  expressions  for  A,  B, 
and  C. 


B  s 


E 


[(xy)'  +  i(xy)»  1 


(x» 


1% 


n  n 

-  ^  Yj  l  ^yj  +  iy'j) 

j=i  d=i 


(x^  +  ix'j)(y'  + 


(n  -  n 

^  (x*  +  iXj)  Y  +  i(xy)*j  J  (y^  +  iy^O 

j.l  d=l 


(1.17) 


n  n 

-  Y,  ^^5  +  E  ^  *  i(xy)'J  J  (xj  +  ix") 

d=l  d'l 


'' 


(x^  +  iXj)(yj  +  iy'j) 


A  »  (XY)'  +  i(xy)"  -  B(X'  +  iX")  -  C(Y'  +  iY") 
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The  real  and  Imaginary  parts  of  B  and  C  may  be  obtained  by  rationalizing 
the  above  expressions;  however  the  results  may  be  presented  in  a  more 
concise  form  by  going  back  to  the  last  two  of  equations  (1*9) •  Taking 
(1.11)  into  consideration  and  separating  these  equations  into  real  and 
imaginary  parts  results  in  the  following  system  of  equations: 


B»d  -  B”e  +  C»f  -  C'g  =  h  , 

B'e  +  B”d  +  C‘g  +  C'f  =  k  , 

B»f  -  B''g  +  C*f  -  Cm  »  p  , 

B'g  +  B''f  +  Cm  +  C"i  »  q  , 


(I.l8) 
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where 


d  = 


I  -  I  - 


e  = 


2  I  *5  *3 

3-1 


3-1 


n 


-  Z 


yll  v*l 

* 


j=i 


d=i  j»i 


^  -  Z  ^"^^3  "3  ■  I  "3  • 

d=i  j»i 


^  •  I  ^*y>3  ^3  ^  I  *3  ’ 

j*i  j=i 


'  ■  Z  '^3>"  -  Z  <='3>"  • 

3-1  3-1 


"  ■  2  Z’^S  ^3  ’ 

3-1 


f  •  z  ’'3  ■  Z  ‘’^*3  ="3  • 

j-1  J»1 


q  .  I  (xy)'  yj  ^  £  (xy)!j  yj 
j-1  J«1 


(1.19) 


-9' 


The  solutions  for  B',  B",  C,  and  C"  may  now  be  written  in  terms  of 
determinants. 


-g 

f 

-m 

i  ; 


B» 


d 

e 

f 

g 


h  f  -g  I 

kg  f  I 
p  i  -mi 

q  m  i  !  ; 


C 


d 

e 

f 

g 


— e  h 
d  k 
-g  P 

f  q 


-g 

f 

-m 


i 


where 


h 

k 

P 

q 


I 

! 

I 


-e  f  -g 
d  g  f 

-g  i  -m 

f  m  i  . 


The  formulas  given  above  may  be  used  to  determine  the  parameters 
At  B,  and  C  of  the  linear  fractional  transformation  (1.1).  The  para¬ 
meters  are  given  in  terms  of  sets  of  measured  values  of  X  and  T,  and 
the  method  makes  provision  for  the  use  of  3  or  more  such  sets.  The 
use  of  a  larger  number  of  sets  of  measured  values  of  X  and  T  will  reduce 
the  probable  error  in  the  resulting  values  for  A,  B,  and  C.  Therefore 
the  use  of  this  method  makes  it  possible  to  substitute  a  greater  number  of 
measurements  for  greater  precision  of  measurements. 
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Any  linear  four-terminal  network  can  be  completely  characterized 
by  the  parameters  of  the  linear  fractional  transformation  with  which 
It  transforms  a  quantity  such  as  Impedance,  admittance,  or  reflection 
coefficient.  If  it  Is  necessary  to  find  other  sets  of  psurameters  for 
the  network,  these  can  be  obtained  from  the  A,  B,  and  C. 


2.0  TWO-POET  MICROWAVE  JUNCTIONS 


2.1 


Theory 

Let  the  two-port  microwave  junction  be  as  represented  in 


Fig.  1. 
plane 


Let  the  reflection  coefficient  of  the  load  be  at  the  output  reference 

plane,  and  let  the  reflection  coefficient  of  the  junction  together  with 

the  load  be  F  at  the  input  reference  plane.  F  is  related  to  F 
g  S  ^ 

by' a  linear  fractional  transformation  such  as 


A  B 

c~r~ 


(2.1) 


The  parameters  A,  B,  and  C  describe  the  two-port  junction.  A,  B,  and 

C  may  be  evaluated  in  terms  of  a  niunber  of  experimental  measurements  of 

F  and  F  .  Let  the  real  and  Imaginary  parts  of  all  complex  expressions 
g  r 

be  denoted  by  single  and  double  primes  respectively.  Thus,  for  example, 

1/2 

F  a  F*  +  i  P'  where  i  «  (-1)  '  .  Let  n  be  the  number  of  sets  of 

ess 

measurements  of  F  and  F  •  The  sets  of  corresponding  measured 
quantities  will  be  denoted  by  F^^  and  F^j  where  j  takes  the  values  1 
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The  parameters  A,  B,  and  C  may  now  be  found  from  (1.17) 


(  ^ 


n 


n 


-  I  ‘*8J  I  l‘’'g>'r>;  *i<’'B’'r>';I 

j=l  j=l  ^  ^ 


( y  •  .  +  1  y " .) 

'  r2  'ry 


I  j=l  j=l 


{n  n 


n 


n 


d=i 


j=i 


g ' r  ,  '  g’  r 


<  ’’gj  * 


gj>]  T  [  I  <’'ij*^’'g/ 


j=l 


J*1 


«'] ' ) 


g 


j  +  i  r„r ''  -  B(r;  +  ir-o  -  ccr*  +  ir;:)  . 

r  gr  g  g  r  r 


(2.3) 
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Alternatively  the  real  and  imaginary  parte  of  B  and  C,  denoted  by 
single  and  double  primes  respectively!  can  be  found  by  solving  the 
following  set  of  equations: 


B'd  -  B«o  +  C*f  -  C"g  a  h  , 

B'e  +  B''d  +  C‘g  +  C'f  a  k  , 

B'f  -  B"g  +  C'i  -  C»*m  a  p  , 

B'g  +  B''f  +  C*m  +  C”1  a  q  , 


(2.4) 


where 


da  E^^g/* 


d«i 


E 

d*i 


E  ^rd  ’ 

d*i 


dal  j-1 


jti  3  J.1  d  j-i  3 

J-l  ^ 


jal  jal 


"■2  ’'?J  • 


Z  ‘’'gV;  nj  -  I '  »'g  v: yjj 

jd.  ^  J.1  ’  jj.  ^ 


j-l  •* 

The  solution  to  equations  (2.4)  gives  values  for  B  -  B*  iB"  and 
C  a  C*  +  iC".  Then  A  may  be  found  from  the  last  of  equations  (2.3)* 
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2.2  ConcluslonB 


The  network  parameters  A,  By  and  C  which  characterize  a  two  part 
microwave  netwoi^  by  means  of  equation  (2.1)  have  been  determined  as 
functions  of  a  set  of  corresponding  measurements  of  input  and  output 
reflection  coefficients.  It  can  be  expected^  as  a  result  of  the  statis¬ 
tical  averaging  inherent  in  this  method,  that  an  increase  in  the  number 
of  measurements  used  will  result  in  smaller  probable  errors  in  the 
results.  This  method  has  been  used  with  good  insults  to  determine  the 
parameters  of  a  feed  system  for  an  X-band  antenna.  In  this  particular 
application  the  antenna  on  the  output  of  the  network  was  x^placed  by 
a  moveable  short  circuit  so  that  the  output  reflection  coefficient 
could  be  found  in  terms  of  the  distance  between  the  output  reference 
plane  and  the  short  circuit.  The  input  reflection  coefficient  was  then 
measured  for  a  series  of  values  of  the  output  reflection  coefficient. 

This  measured  data  was  then  used  to  find  the  parameters  A,  B,  and  C. 

This  analysis  describes  a  method  for  determining  the  parameters  in 
equation  (2.1)  which  relates  the  input  and  output  reflection  coefficients 
of  a  two  part  microwave  network.  It  is  apparent,  however,  that  the  method 
can  be  used  to  determine  the  parameters  of  the  transformation  for  any 
quantity  which  the  network  transforms  by  means  of  a  linear  fractional 
transformation.  For  example  a  two  port  microwave  networtc  transforms 
Impedance  by  means  of  the  same  tyie  of  transformation  as  equation  (2.1); 
therefore  the  parameters  of  the  impedance  transformation  could  be  found 
from  the  equations  given  in  this  paper  simply  by  substituting  the  input 
and  output  Impedance  measurements  for  the  input,  and  output  reflection 
coefficient  measurements. 
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(3  copies) 

AF  5 

AF  Missile  Test  Center 

Patrick. AFB,  Fla. 

Attn:  AIMTC,  Tech  Library,  MU-135 

AF  43 

ASD  (ASAFRD  -  Diet) 

Wrlght-Patterson  An,  Ohio 

AF  227 

USAF  Security  Service  (CLR) 

San  Antonio,  Texas 

Code  Organisation 

j 

AF  166  Hq.  USAF  (AFOAC-S/E) 

Conmunl cations- E le ctronlc s 
Directorate,  Washington  25,  D.C.  | 

AF  63  WADD  (WCLRSA,  Mr.  Fortune)  { 

Wrlght-Patterson  AFB,  Ohio 

AF  68  ASD  (ASRMRE-3) 

Attn:  Mr.  Paul  Springer 
Wrlght-Patterson  AFB,  Ohio 

AF  231  Director,  Electronics  Division 

Air  Technical  Intelligence  Center 
Attn:  AFCIN-4B1,  Colonel  H.  K. 
Gilbert 

Wrlght-Patterson  AFB,  Ohio 

AF  308  WADD  (WWDSIR,  Mr.  A.  D.  Clark) 

Directorate  of  System  Engineering 
Dyna  Soar  Engineering  Office 
Wrlght-Patterson  AFB,  Ohio 

AF  348  Lt.  Col  Jensen  (sbxw) 

Space  Systems  Division 
Air  Force  Unit  Post  Office 
Los  Angeles  45,  California 

Ar  42  Director 

U.  S.  Axsqr  Ordnance 
Ballistic  Research  Laboratories 
Aberdeen  Proving  Ground,  Maryland 
Attn:  Ballistic  Measurements  Lab. 

Ar  47  Ballistic  Research  Laboratories 

Aberdeen  Proving  Ground,  Maryland  i 
Attn:  Technical  Information  Branch 

Ar  3  Director 

EvaiM  Signal  Laboratory 
Belmar,  New  Jersey 

Attn:  Mr.  O.C.  Woodyard  ^ 

Ar  5  Comsandlng  General 

USASRDL 

Ft.  Moomouth,  N.J. 

Attn:  Tech.  Doc.  Ctr. 

SIGRA/SL-ADT 
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Code 

Orsanlzatlon 

AF  253 

Technical  Information  Office 

G  103 

National  Aeronautical  Space  Agency 

European  Office,  Aerospace  Research 

Langley  Aeronautical  Res.  Lab. 

Shell  Building,  47  Cantersteen 

Langley,  Virginia 

Brussels,  Belgium 

Attn:  Mr.  Cliff  Nelson 

AR  10 

Massachusetts  Institute  of  Technology 

G  8 

Library 

Signal  Corps  Liaison  Officer 

National  Bureau  of  Standards 

Cambridge  39,  Mass. 

Boulder  Laboratories 

Attn:  A.D.  Bedroslan,  Room  26-131 

Boulder.  Colorado  (2  conies) 

AR  78 

Comnandlng  General,  SIGFM/EL-PC 

G  13 

National  Bureau  of  Standards 

USASRDL 

U.S.  Department  of  (kmuerce 

Fort  Monmouth,  New  Jersey 

Washington  25,  D.C. 

Attn:  Dr.  Horst  H.  Kedesdy 

Attn:  Mr.  A.G.  McNlsh 

Deputy  Chief,  Chem-Physlcs  Branch 

G  27 

National  Bureau  of  Standards 

Ar  49 

Commanding  General 

U.S.  Department  of  Coaueree 

USASRDL 

Washington  25,  D.C. 

Fort  Monmouth,  New  Jersey 

Attn:  Gustave  Shapiro,  Chief, 

Attn:  SIGFM/EL-AT 

Engineering  Electronics 

Section 

Ar  39 

Coanandlng  General 

Electricity  and  Electronics 

USASRDL 

Division 

Fort  Monmouth,  New  Jersey 

Attn:  Mr.  F.J.  Trlola 

G  75 

Director 

National  Security  Agency 

Ar  67 

Bedstone  Bdeatlflo  Information  Center 

Fort  George  G.  Meade,  Maryland 

U.S.  Amy  Miaeile  Comnend 

Redstone  Arsenal,  Alabama 

Attn:  X31 

(4  conies) 

M  6 

AFCRL,  Office  of  .\erospace  Research 
CRXRA-Stop  39 

Ar  t 

Department  of  the  Army 

L.G.  HanscoB  Field,  Bedford,  Mass. 

Office  of  the  Chief  Signal  Officer 
Washington  25,  D.  C. 

(10  conies) 

Attn:  SIGRD-4a-2 

M  17 

AFCRL,  Office  of  Aerospace  Research 

(GRRD) 

Ar  41 

Office  of  Chief  Signal  Officer 

Attn:  extract  Files 

Engineering  and  Technical  Division 

L.G.  Hanscoei  Field,  Bedford,  Mass. 

Washington  25,  D.C. 

Attn:  SI(aiET-5 

(2  conies) 

AFOKL,  Office  of  Aerospace  Research 

Ar  48 

Guided  Missile  Fuse  Library 

(CRRD) 

Diasimd  Ordnance  Fuse  Laboratories 

Attn:  (hirlyle  J.  Sletten 

Washington  25,  D.C. 

Attn:  R.D.  Hatcher,  Chief  Microwave 

L.G.  Banscen  Field,  Bedford,  Mass. 
(3  conies) 

Osvelopewnt  Section 

M  54 

Hq.  ESD  (ESRDW,  Major  John  f . 

6  59 

Advisory  Group  on  Electronic  Parts 

Hobson) 

Room  103,  Moore  School  Building 

L.  G.  Hanscam  Field 

200  South  33rd  Street 

Philadelphia  4,  Pennsylvania 

Bedford,  Mass. 

ASTU  (TIPAA) 

N  84 

Hq.  AFCRL,  OAR  (CRXR,  J.R.  Marple) 

6  2 

L.  a.  Hanaeom  Field,  Bedford,  Nesm* 

Arlington  Hall  Station 

Arliiutton  12.  Virslnla  (10  conies) 
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Code  Orgenlaetlon 

N  3  Chle£(  Bureau  of  Ships 
Departeent  of  the  Havy 
Washington  25»  D.C. 

Attnt  Code  690 

N  9  Chief,  Bureau  of  Naval  Weapons 
Departnent  of  the  Navy 
Washington  25,  D.C. 

Attn:  DILI-31  (2  copies) 

N  16  CoBuender 

y.S.  Naval  Air  Missile  Test  Center 
Point  Mugu,  California 
Attn:  Cede  366 

N  23  U.S.  Naval  Ordnance  Laboratory 

White  Oak,  Silver  Spring  19,  Md. 

Attn:  The  Library 

N  26  Coitander 

U.S.  Naval  Ordnance  Test  Station 
China  Lake,  California 
Attn:  Code  753 

N  27  Ubrarlan 

U.S.  Naval  Postgraduate  School 

Monterey,  California 

N  29  Director 

U.S.  Naval  Basearch  Laboratory 
Washington  25,  D.C. 

Attn:  Code  2027  (2  conlasl 

N  30  Dr.  J.I.  Bohnart,  Code  5210 

U;S.  Naval  Research  Laboratory 
Washington  25,  D.C. 

N  35  CoiBBSndlng  Officer  and  Director 

U.S.  Navy  Underwater  Soui:d  Laboratory 
Fort  Trusdiull,  New  Londcm,  Connecticut 

N  37  Chief  of  Novel  Research 

Departnent  of  the  Navy 
Washington  25,  D.C. 

Attn:  Code  427 

N  48  Cossisndlng  Officer 

U.S.  Navel  Air  DevelopsMnt  Center 

N  73  Office  of  Naval  Research 

Brandi  Office,  London 
Navy  100,  Box  39 

F.P.O.  New  York,  N.Y.  (10  conies) 


Code  Organtaatton 


N  85  Cosnandlng  Officer  and  Director 
U.S.  Navy  Electronics  Laboratory 
(Library) 

San  Diego  52,  (kilifomla 

N  91  Comnonder 

U.S.  Naval  Air  Test  (tenter 

Patuxent  River,  Maryland 
Attn:  ET-315,  Antenna  Branch 

N  92  Material  Laboratory,  (tede  932 
New  York  Naval  Shipyard 
Brooklyn  1,  New  York 
Attn:  Mr.  Douglas  First 

N  93  CooBiandlng  Officer 

U.S.  Naval  Ordnance  Laboratory 
(terona,  (telif. 

Attn:  Docuannts  Librarian 

N  123  Chief,  Bureau  of  Ships 
Depertnsnt  of  the  Navy 
Washington  25,  D.C. 

Attn:  (tede  817B 

N  141  AFSC  Scientific  and  Technical 
Liaison  Office 
e/o  Departnent  of  the  Navy 
Boon  2305,  Munition  Building 
Washington  25,  D.Cw‘ 

I  601  Aero  Geo  Astro  (terp. 

1200  Duke  Street 
Alexandria,  Virginia 
Attn:  Library 

I  940  Aerospace  (terp. 

Box  95085 

Los  Angeles  45,  (telif. 

Attn:  Library 

1  1  Airborne  Instrunents  Laboratory,  Inc. 
Division  of  (tetler  Bsener 
Walt  Whltasn  Road 
Mslvllle,  L.l.  New  York 
Attn:  Library 

I  388  Alrcon,  Inc. 

48  Cussrington  Street 
Boston,  Mass. 

I  3  Andrew  Alford,  (tensulting  Engineers 
299  Atlantic  Avenue 
Boston  10,  Mass 


I 
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Code 
I  374 

I  205 

I  8 

I  469 

I  13 

I  246 

I  247 

I  248 

1  249 


Organlaatlon 


Code  Organlaatlon 


ACF  Industries,  Inc.  I  250 

Southeast  Comer,  52nd  Ave  and 
Jackson  Street 
Bladensburg,  Prince  George's 
County,  Maryland 
Attn:  Librarian 

I  252 

Battelle  Memorial  Institute 
505  King  Avenue 
Colundws  1,  Ohio 

Attn:  Wayne  E.  Rife,  Project  Leader 

Electrical  Engr.  Division  I  253 

Bell  Aircraft  Corporation 
Post  Office  Box  One 
Buffalo  5,  New  York 

Attn:  Eunice  P.  Hazelton,  Librarian  I  986 

Bell  Telephone  Laboratories 
Murray  Hill,  New  Jersey 


Boeing  Alrplsne  Company 
Wichita  Division  Engineering  Library 
Wichita  1,  Kansas 
Attn:  Kenneth  C.  Knight 
Library  Supervisor 

Brush  Beryllium  Company 
4301  Perkins  Avenue 
Cleveland  3,  Ohio 
Attn:  N.W.  Bass 

Chance  Vought  Aircraft,  Inc. 

9314  West  Jefferson  Street 
Dallas,  Texas 

Attn:  A.D.  Pattullo,  Librarian 

Chance  Vought  Corporation 
Vought  Electronics  Division 
P.  0.  Box  5907 

Dallas  22,  Texas  (Unclassified  only) 


Bell  Telephone  Laboratories,  Inc.  I  470 

Whlppany  Laboratory 

Whlppany,  New  Jersey 

Attn:  Technical  Information  Library 


Chu  Associates 
P.O.  Box  387 
Whltcosd)  Avenue 
Littleton,  Mass. 


Bendlx  Corporation  I 

Pacific  Division 
11600  Sherman  Way 
North  Hollywood,  Calif. 

Attn:  Engineering  Library 

I 

Bendlx  Radio  Division 
Bendlx  Aviation  Corporation 
E^  Joppa  Road 
Towson  4,  Maryland 
Attn:  Dr.  D.M.  Allison,  Jr. 

Director  Engineering  and  Research 

BJorksten  Research  Laboratories,  Inc. 
P.O.  Box  265 
Madison,  Wisconsin 
Attn:  Librarian 


918  Collins  Radio  Co. 

855  35th  Street,  N.E. 

Cedar  Rapids,  Iowa 
Attn:  Dr.  R.L.  McCreary 

126  Convalr,  A  Division  of  General 
Dynamics  Corp. 

Fort  Worth,  Texas 
Attn:  K.G.  Brown 

Division  Research  Librarian 

I  254  Convalr,  A  Division  of  General 
Dynamics  Corp. 

3165  Pacific  Highway 
San  Diego  12,  Calif. 

Attn:  Mrs.  Dora  B.  Burke 

Engineering  Librarian 


Boeing  Airplane  Company  I  25  Cornell  Aeronautical  Laboratory,  Inc. 

Pllotloss  Aircraft  Division  4455  Genesee  Street 

P.O.  Box  3707  Buffalo  21,  New  York 

Seattle  24,  Washington  Attn:  Librarian 

Attn:  R.R.  Barber,  Library  Supervisor 

(2  copies) 
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Co^ 

I  255 

I  28 

I  257 

I  258 

I  259 

I  145 

I  187 

I  415 

I  299 


Organisation  Code 

Dalato  Victor  Company  I  204 

A  Division  of  Taxtron»  Inc. 

1515  Industrial  Way 
Belnont,  Calif. 

Attn:  Mary  Ellen  Addems, 

Technical  Librarian  I  262 

Dome  and  Margolin,  Inc* 

29  Hew  York  Avenue 
Hestbury,  Long  Island,  H.Y. 

I  147 

Alreraft  DLt.,  Donglas  Aircraft  Co. 

3835  Lakewood  Boulevard 
Long  Boaeb,  California 
Attn:  Toohnleal  Library 

Douglas  Aircraft  Cosipany,  Inc. 

3000  Ocean  Paxk  Boulevard 

Santa  Monica,  Calif.  I  264 

Attn:  Peter  Duyan,  Jr. 

Chief,  Electrlcal/Blectronlcs 
Section 

Douglas  Aircraft  Company,  Inc.  I  266 

2000  North  Memorial  Drive 
Tulsa,  Oklahoma 

Attn:  Engineering  Librarian,  D>250 

The  Electrada  Corporation  1  4 

11244  Playa  Street 
Culver  City,  California 
Attn:  S.  Stanley  Locue 
Section  Head 

Microwave  Engineering  I  269 

Electromagnetic  Research  Corporation 
5001  College  Avenue 
College  Park,  Maryland 
Attn:  Mr.  Martin  Katsin 

I  793 

Electronics  Communication 
1830  York  Road 
Tlmonlum,  Maryland 

Electronic  Specialty  Coeq>any  I  893 

5121  San  Fernando  Road 
Los  Angeles  39,  Calif. 

Attn:  Donald  L.  Margerum 

Chief  Engineer,  Radiating 
Systems  Division 


Esierson  aiul  Cuming,  Inc. 

869  Washington  Street 
Canton,  Mass. 

Attn:  Mr.  W.  Cuming 

Emerson  Electric  Mfg.  Co. 

8100  West  Florissant  Avenue 

St.  Louis  21,  Missouri 

Attn:  Mr.  E.R.  Breslln,  Librarian 

Emerson  Radlo-Phonograidi  Corp. 

Emerson  Research  Laboratories 
701  Lamont  Street,  H.W. 

Washington  10,  D.C. 

Attn:  Mrs.  R.  Corgin,  Librarian 
Classified  to: 

Mrs.  Coleen  6.  Mollneu 

Fairchild  Aircraft-Missiles  Division 
Fairchild  Eng.  and  Airplane  Corp. 
Hagerstown,  Maryland 
Attn:  Library 

ITT  Federal  Laboratories 
Technical  Library 
500  Washington  Avenue 
Nut ley  10,  New  Jersey 

Gabriel  Electronics  Division 
Main  and  Pleasant  Streets 
Minis,  Mass. 

Attn:  Dr.  Edward  Altshuler 

General  Electric  Compaiqr 
Electronics  Park 
Sjrracuse,  Mew  York 
Attn:  Docuswnts  Library 

B.  Fletcher,  Building  3-143A 

General  Electric  Company 
Missile  and  Space  Vehicle  Department 
3198  Chestnut  Street,  Philadelphia,  Pa 
Attn:  Documents  Library 

General  Electric  Ccs^any 
3750  D  Street 
Philadelphia  24,  Pa. 

Attn:  Mr*  H.G.  Lew 

Missile  snd  Space  Vehicle 
Department 
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I  270  General  Precision  Laboratory,  Ine. 
63  Bedford  Road 
Pleasantville,  New  York 
Attn:  Librarian 

I  48  Goodyear  Aircraft  Corp. 

1210  Massillon  Road 

Akron  15,  Ohio 

Attn:  Library,  Plant  G 

I  448  Granger  Associates 

Electronic  Systems 
974  Coanmrclal  Street 
Palo  Alto,  California 
Attn:  John  V.M.  Granger,  President 


I  273  Halllcrafters  Ccnpany 
4401  West  5th  Avenue 
Chicago  24,  Illlnola 
Attn:  LaVeme  LaCloia,  Librarian 

I  737  The  Halllcrafters  Co« 

5th  and  Kostner  Avenues 
Chicago  24,  Illinois 
Attn:  Henri  Hodara 

Head  of  Space  CoaBunlcatlon 


I  207  Hughes  Aircraft  Gceipany 

Antenna  Department 
Building  12,  Mall  Station  2714 
Culver  City,  California 
Attn:  Dr,  W,H.  Kummar 

I  56  Hughes  Aircraft  Ccmpaiqr 

Plorenca  Ave.  and  Teals  Streets 
Quiver  City,  California 
Attn:  Louis  L.  Ballln 

Manager,  Antenna  Dept, 


Coda  Oreenteatlon 

I  981  Hughes  Aircraft  Company 

Attn:  Mr.  L.  Stark,  Microwave  Dept, 
Radar  Laboratory,  P.O.  Box  2097 
Building  600,  Mall  Station  C-152 
Fullerton,  California 

0  9  Defence  Beaearch  Member 

Canadian  Joint  Staff 
24^  Nassaehnsetta  Aveime.,  N.W. 
Washington  8,  D.  C, 

(3  cortee) 

N  39  Electronic  Systems  Division  (AT8C) 

Technical  Information  Service 
DLvialoa  (ESAX) 

L.  a,  Banaecm  Field,  Bedford,  Mass, 

I  265  ITT  Laboratories 

3700  Bast  Pontiac  Street 
Fort  WsyiM  1,  Indiana 
Attn:  Technical  Library 

I  230  Jansky  and  Bailey,  Inc. 

1339  Wisconsin  Avenue,  N.W. 
Washiiwtton  7,  D.C. 

Attn:  Mr,  Delmer  C.  Ports 

I  241  Dr.  Henry  Jaslk,  Coiwultlng  Engineer 
298  Shames  Drive 
Brush  Hollow  Industrial  Park 
Westbury,  New  York 

I  279  Lockheed  Aircraft  Corporation 
2555  N.  Hollywood  Way 
California  Division  Engineering 
Library 

Department  72-25,  Plant  A-1, 

Building  63-1 
Burbank,  Califomia 
Attn:  N.C.  Hamois 

I  468  Lockheed  Aircraft  Corporation 
Missiles  and  Space  Division 
Technical  Information  Center 
3251  Hanover  Street 
Palo  Alto,  California 

(?  1r9Plfl) 


Code 
I  136 

I  280 

I  63 

1  66 


I  116 

I  471 

I  390 

1  648 

I  85 


Organization  Code 

The  Martin  Company  I  934 

P.O.  Box  179 

Denver  1,  Colorado 

Attn:  Mr.  Jack  McCormick 

The  Martin  Company 

Baltimore  3.  Maryland  I  641 

Attn:  Engineering  Library 
Antenna  Design  Group 

Mathematical  Reviews 
190  Hope  Street 

Providence  6,  Rhode  Island  I  284 

The  H.L.  Maxson  Corporation 
475  10th  Avenue 
Mew  York,  New  York 
Attn:  Miss  Dorothy  Clark 


Melpar,  Inc.  I  82 

3000  Arlington  Boulevard 
Falls  Church,  Virginia 
Attn:  Engineering  Technical  Library 

Microwave  Associates,  Inc. 

South  Avenue  I  287 

Burlington,  Mass. 

Microwave  Developnent  Laboratorye 
90  Broad  Street 
Wellesley  57,  Mass. 

Attn:  H.  Tucker,  General  Manager  1  225 

The  Mitre  Corporation 
244  Wood  Street 
Lexington  73,  Mass. 

Attn:  Mrs.  Jean  E.  Claflln,  Librarian  I  288 

Motorola,  Inc. 

8201  East  McDowell  Road 
Phoenix,  Arizona 
Attn:  Dr.  Thomas  E.  Tice 


Organization  I 

Motorola,  Inc. 

Phoenix  Research  Laboratory 
3102  N.  56th  Street 
Phoenix,  Arizona 
Attn:  Dr.  A.L.  Aden 

National  Research  Council 
Radio  and  Elec.  Engr.  Division 
Ottawa,  Ontario,  Canada 
Attn:  Dr.  G.A.  Miller,  Head 
Microwave  Section 

North  American  Aviation,  Inc. 

12214  Lakewood  Boulevard 
Downey,  California 
Attn:  Technical  Information  Center 
(495-12) 

Space  and  Information  Systeem 
Division 

North  American  Aviation,  Inc. 

Los  Angeles  International  Airport 
Los  Angeles  45,  Calif. 

Attn:  Engineering  Technical  File 

Page  Cnaesuni cations  Engineers,  Inc. 
2001  Wisconsin  Avenue,  N.W. 

Washington  7,  D.C. 

Attn:  (Mrs.)  Ruth  Temple,  Librarian 

Northrop  Corporation 

Norair  Division 

1001  East  Broadway 

Hawthorne,  California 

Attn:  Technical  Information  3924-31 

Philco  Corporation 
Research  Division 
Union  Meeting  Pond 
Blue  Bell,  Pa. 

Attn:  Research  Librarian 

Pickard  and  Bums,  Inc. 

103  Fourth  Avenue 
Waltham  54,  Mass. 

Attn:  Dr.  Richard  H.  Woodward 

Polytechnic  Research  and  Development 
Co.,  Inc. 

202  Tillary  Street 
Brooklyn  1,  New  York 
Attn:  Technical  Library 


I  285 


I  286 
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Code 
I  23a 

I  289 

I  914 

I  290 

I  291 


I  473 

I  757 

I  789 


Organleatlon 


Code  Organlaatlon 


Radiation  Engineering  Laboratory  1 

Main  Street 
Maynard,  Mass. 

Attn:  Dr.  John  Ruse 

Radiation,  Inc. 

Melbourne,  Florida  I 

Attn:  RF  Systems  Division 

Technical  Information  Center 

Radiation  Systems,  Inc. 

440  Svann  Avenue 

Alexandria,  Virginia  I 

Attn:  Library 

RCA  Laboratories 
David  Samoff  Research  Center 
Princeton,  Hew  Jersey  I 

Attn:  Miss  Fern  Cloak,  Librarian 

Radio  Corporation  of  America 

Defense  Electronic  Products 

Building  10,  Floor  7  I 

Camden  2,  New  Jersey 

Attn:  Mr.  Harold  J.  Schrader, 

Staff  Engineer 
Organisation  of  Chief 
Technical  Administrator  I 

Radio  Corporation  of  Aamrica 
Missile  Cratrol  and  Electronics 
Division 

Bedford  St.,  Burlington,  Mass. 

Attn:  Librarian  I 

Radio  Corporation  of  America 
Surface  Coasainlcatlons  Systems 
Laboratory 

75  Varlck  Street  I 

New  York  13,  N.T. 

Attn:  Mr.  S.  Krevsky 

Radio  Corporation  of  Aamrica 
West  Coast  Missile  and  Surface 

Radar  Division  I 

Englnsarlng  Library,  Building  306/2 
Attn:  L.R.  Bund,  Librarian 
8500  Balboa  Boulevard,  Van  Nuys,  Calif. 


930  Radio  Corp.  of  Aiaerlca 

Defense  Electronic  Products 
Advanced  Military  Systems 
Princeton,  Mew  Jersey 
Attn:  Mr.  David  Shore 

292  Director,  USAF  Project  RAND 
Via:  AF  Liaison  Office 

The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 

547  The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 
Attn:  Technical  Library 

373  Rantec  Corporation 

23999  Ventura  Boulevard 

Calabasas,  California 

Attn:  Grace  Keener,  Office  Mgr. 

293  Raytheon  Company 

State  Road,  Hayland  Laboratory 
Hay land.  Mass. 

Attn:  Mr.  Robert  Sorts 

294  Raytheon  Company 
Hayland  Laboratory 
Hayland,  Mass 

Attn:  Miss  Alice  G.  Anderson, 
Librarian 

472  Raytheon  Coa^any 

Missile  Systems  Division 
Hartwell  Road,  Bedford,  Mass. 

Attn:  Donald  H.  Archer 

510  Remington  Rend  UNIVAC 

Division  of  Sperry  Rand  Corporation 
P.O.  Box  500 
Blue  Bell,  Pennsylvania 
Attn:  Engineering  Library 

295  Republic  Aviation  Corporation 
Farmlngdale,  Long  Island,  N.Y. 

Attn:  Engineering  Library 
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I  184 

Ryan  Aeronautical  Company 

2701  Harbor  Drive 

Lindbergh  Field 

1  818 

San  Diego  12,  California 

Attn:  Library 

I  240 

I  391 

Sage  Laboratories,  Inc. 

3  Huron  Drive 

Natick,  Mass. 

I  338 

I  708 

I  96 

Sandia  Corporation 

P.O.  Box  5800 

Albuquerque,  New  Mexico 

Attn:  Records  Management  and 

Services  Department 

I  464 

I  682 

Scammll  Laboratories,  Inc. 

6601  Scammll  Lane 

Springfield,  Va. 

1  312 

STL  Technical  Library 

Doctment  Acquisitions 

Space  Technology  Laboratories,  Inc. 
P.O.  Box  95001 

I  139 

Los  Angeles  45,  Celifomla 

U  1 

• 

U  61 

I  367 

Stanford  Research  Institute 

Documents  Center 

Menlo  Park,  California 

Attn:  Acquisitions 

U  157 

1  104 

Sylvanla  Electric  Products,  Inc. 

100  First  Avenue,  Waltham  54,  Mass. 
Attn:  Charles  A.  Thornhill,  Report 
Librarian 

Waltham  Laboratories  Librery 

U  99 

I  260 

Sylvanla  Elec.  Prod.  Inc. 

Electronic  Defense  Laboratory 

P.O.  Box  205 

Mountain  View,  California 

Attn:  Library 

Organlaatlon 


Sylvanla  Reconnaissance  Systems  Lab. 
Box  188,  Hountaln  Vlev^  Cellfoxnia 
Attnt  Marvin  D.  Waldhin 

IBG,  Inc.  . 

400  Border  Street,  East  Boston,  Mass. 
Attn:  Dr.  Alan  F.  Kay 

A.S.  Thomas,  Inc. 

355  Providence  Highway 
Westwood,  Mass. 

Attn:  A.S.  Thomas,  President 

Texas  Instruments,  Inc. 

6000  Tswmnn  Avenue 
Dallas  9,  Texas 
Attn:  John  B.  Travis 

Systems  Planning  Branch 

Trans-Tech,  Inc. 

P.O.  Box  346 

Rockville,  Maryland 

Attn:  Mr.  A.C.  Blankenship 

Chief  Electronics  Engineer 

Hestinghouse  Electric  Corp. 
Electronics  Division 
Friendship  Int'l  Airport  Box  1897 
Baltimore  3,  Maryland 
Attn:  Eallneerl^  library 

Library  Geophysical  Institute  of  the 
University  of  Alaska 
College,  Alaska 

Brown  university 

Department  of  Electrical  Engineering 
Providence,  Rhode  Island 
Attn:  Dr.  CJl.  Angulo 

California  Institute  of  Technology 
Jet  Propnlsion  Laboratory 
4800  Oak  Grove  Drive 
Pasadena,  California 
Attni  Mr.  I.R.  MSwlan 

California  Institute  of  Technology 
1201  1.  California  Street 
Pasadena,  California 
Attnt  Dr.  C.  Papas 
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U  3  Space  Sciences  Laboratory 

Leuschner  Observatory 
Ihiiversity  of  California 
Berkeley  4,  California 
Attnt  Dr*  Samiel  Silver,  Professor 
of  Engineering  Science  and 
Director,  Space  Sciences 
Laboratory 

U  100  University  of  California 

Electronics  Research  Lab. 

332  Cory  Hall,  Berkeley  4,  California 
Attn:  J.R.  Whlnnery 

U  289  University  of  Southern  California 
university  Park 
Los  Angeles,  California 
Attn:  Dr.  Raynond  L.  Chusn 

Director,  Engineering  Center 

U  239  Case  Institute  of  Technology 

Electrical  Engineering  Departnent 
10900  Euclid  Avenue 
Cleveland,  Ohio 

Attn:  Professor  Robert  Plonsey 

U  183  Colusdbia  University 

Department  of  Electrical  Engineering 
Momingside  Heights,  Hew  York,  H.T. 
Attn:  Dr.  Schlesin^r 

U  238  University  of  Southern  California 

University  Park 
Lps  Angeles  7,  California 
Attn:  Z.A.  Kaprielian,  Associate 
Professor  of  Elec.  Engr. 

U  10  Cornell  University 

school  pf  Electrical  Engiimerlng 

Ithaca,  Hsv  York 

Attn:  Prof.  6.C.  Dalaan 

U  86  Ihiiversity  of  Florida 

Departnant  of  Electrical  Engineering 

Gainesville,  Florida 

Attn:  Prof.  M.B.  Latour,  Library 

U  59  Library,  Georgia  Technology  Research 

Institute 

Engineering  Bxperiawnt  Station 
722  Cherry  Street,  H.V. 

Atlanta,  Georgia  (Unclassified) 

Attn:  Hrs.  J.H.  Crosland,  Librarian 


Code 


Organisation 


U  102  Harvard  University 

Technical  Repons  Collection 
Gordmi  HCliy  !LO>tmty 
303  Pierce  Hall 

Oxford  St*,  Cai^ridge  38,  Hass 
Attn:  Librarian 

U  54  Harvard  Colley  Observatory 
60  Garden  Street 
Cambridge  39,  Mass. 

Attn:  Dr.  Fred  L.  Whipple 

U  103  University  of  Illinois 

Documents  Division  Library 
Urbana,  Illinois  (Unclassified  only) 

U  104  University  of  Illinois 
College  of  Engineering 
Urbana,  Illinois 
Attn:  Dr.  P.E.  Mayes 

Dept,  of  Electrical  Engineering 

U  169  Illinois  InHitute  of  Technology 
3301  S*  Deefbbm  Street 
Chicago  16,  Illinois 
Attn:  Dr.  George  1.  Cohn 

*  t  I 

U  240  Illinois  iMtitttte  Of  Tedsaology 
Tschnology  Osnter 
Dept,  of  lleotrioel  Enginefriag 
Chicago  16,  Illinois 
Attn:  Fanl  C.  Ihan 

Electronics  Researdi  Laboratory 

U  22  The  John  Hopkins  University 

Beltlmore  18,  Maryland 
Attnt  Dr.  Do^d  1.  KOrr, 

Departnant  of  Physics 

U  105  The  John  Hopkins  University 
Applied  Physics  Laboratory 
8621  Geon^  Avenue 
Silver  Spring,  Maryland 
Attnt  Mr.  George  L.  Seielstad 

U  228  University  of  Eansas 

Electrieal.  Bngiaeering  Departnant 
Lawrence,  Kansas 
Attnt  Dr.  H.  Ihis 

U  68  Lowell  Technological  Institute 
Research  Foundation 
P.O.  Box  709,  Lowell,  Mass. 

Attnt  Dr.  Charles  R.  Mlngins 
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U  32  Massachuaetts  Institute  of  Technology 

Research  Laboratory  of  Electronics 
Building  26,  Boon  327 
Caabridge  39,  Mass. 

Attn:  John  H.  Hewitt  (Unclassified 

only) 

U  26  Massachusetts  Institute  of  Technology 

Lincoln  Laboratory 
F.O.  Box  73 
Lexington  73,  Mass. 

Attn:  Mary  A.  Granese,  Librarian 

U  34  McGill  University 

Departzient  of  Electrical  Engineering 
Montreal,  Canada 
Attn:  Or.  T.  Pavlasek 

U  107  University  of  Michigan 

Electronic  Defenae  Group 
Engineering  Research  Institute 
Ann  Arbor,  Michigan 
Attn:  J.A.  Boyd,  Supervisor 

via:  Facility  Security  Officer 

U  79  University  of  Michigan 

Engineering  Research  Institute 
Radiation  Laboratory 
912  N.  Main  Street 
Ann  Arbor,  Michigan 
Attn:  Mr.  Ralph  E.  Hiatt 

U  37  University  of  Michigan 

Eqglneerlng  Research  Institute 
Willow  Run  Laboratories,  Willow  Run 
Airport 

Ypsllantl,  Michigan 
Attn:  Librarian 

U  108  University  of  Minnesota 
Minneapolis  14,  Minnesota 
Attn:  Mr.  Robert  H.  Stuon,  Library 

U  194  Physical  Science  Laboratory 
Hew  Mexico  State  University 
University  Park,  Hew  Mexico 
Attn:  Mr.  H.  W.  Haas 


Code  Organization 

U  39  New  York  University 

Institute  of  Mathematical  Sciences 
Room  802,  25  Waver ly  Place 
New  York  3,  New  York 
Attn:  Morris  Kline,  Dr. 

U  96  Northwestern  University 
Microwave  Laboratories 
Evanston,  Illinois 
Attn:  R.  E.  Beam 

U  43  Antenna  Laboratory 

Departzient  of  Electrical  Engineering 

The  Ohio  State  University 

2024  Neil  Avenue 

Coluzibus  10,  Ohio 

Attn:  Reports  Librarian 

U  109  The  University  of  Oklahosui 
Research  Institute 
Norman,  Oklahoma 

Attn:  Prof.  C.L.  Farrar,  Chairman 
Electrical  Engineering 

U  45  The  Pennsylvania  State  University 

Departownt  of  Electrical  Rngineerlng 
University  Park,  Pennsylvania 

U  185  University  of  Pennsylvania 

Institute  of  Cooperative  Research 
3400  Walnut  Street,  Philadelphia,  Pa. 
Attn:  Dept,  of  Electrical  Engineering 

U  48  Polytechnic  Institute  of  Brooklyn 
Microwave  Research  Institute 
55  Johnson  Street,  Brooklyn,  H.Y. 
Attn:  Dr.  Arthur  A.  Oliner 

U  97  Polytechnic  Institute  of  Brooklyn 
Microwave  Research  Institute 
55  Johnson  Street 
Brooklyn,  Hew  York 
Attn:  Mr.  A.E.  Lasiel 

U  184  Purdue  University 

Dspt.  of  Electrical  Engineering 
Lafayette,  Indiana 
Attn:  Dr.  SChultz 
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Code 
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Code 

Organisation 

U  176 

U  110 

Library 

W.W.  Baasan  Laboratory  of  Physics 
Stanford  Onlvarslty 

Stanford,  California 

Syraeusa  University  Sesaarch  Institute 

U  51 

The  University  of  Texas 

Defense  Research  Laboratory 
Austin,  Texas 

Attn:  Claude  W.  Horton 

Physics  Library 

Collendala  Cas^s 

Syracuse  10,  New  York 

Attnt  Dr.  C.S.  Grove,  Jr., 

U  132 

University  of  Toronto 

Department  of  Electrical  Engr. 
Toronto,  Canada 

Director  of  Engineering  Research 

Attn:  Prof.  G.  Sinclair 

U  309 

Technical  University 

Oestervoldgada  10  G 

Copenhagen,  Denmark 

Attn:  Prof.  Hans  Lottrup  Knudsen 

U  133 

University  of  Washington 

Dept,  of  Electrical  Engineering 
Seattle  5,  Washington 

Attn:  D.K.  Reynolds 

U  186 

University  of  Tennessee 

Ferris  Hall 

U  187 

University  of  Wisconsin 

Dept,  of  Electrical  Engineering 

H.  CuBdMrlaad  Avenue 

Knoxville  16,  Tennessee 

Madison,  Wisconsin 

Attn:  Dr.  Schelbe 

U  111 

The  University  of  Texas 

Electrical  Engineering  Research  Lab. 
P.O.  Box  8026,  University  Station 
Austin  12,  Texas 

Attn:  Mr.  John  R.  Gerfaardt 

Assistant  Director 

G  126 

Matlonal  Aeronautics  It  Space 
Admlalatratlon 

Attn:  Antenna  Syateme  Braneh 
Goddard  Space  Fllghb  Center 
Qreenbelt,  Maryland 

*1  ' 

